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METHOD OF PERFORMING CELL
MEASUREMENT AND METHOD OF
PROVIDING INFORMATION FOR CELL
MEASUREMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of co-pending U.S.
patent application Ser. No. 13/529,448 filed on Jun. 21,2012,
which claims priority under 35 U.S.C. §119(e) to U.S. Pro-
visional Application Nos. 61/531,082 filed on Sep. 5, 2011,
and 61/579,641 filed on Dec. 22, 2011, and which also claims
priority under 35 U.S.C. §119(a) to Korean patent application
No. 10-2012-0018204, filed on Feb. 22, 2012. The entire
contents of all these applications are hereby incorporated by
reference into the present application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present disclosure relates to a method of performing
cell measurement and a method of providing information for
cell measurement.

2. Discussion of the Related Art

Recently, studies on a next-generation multimedia radio
communication system have been actively conducted. The
radio communication system requires a system that can pro-
cess various information including images, radio data, etc. in
lieu of services mainly using voice and transmit the informa-
tion. The object of the radio communication system enables a
plurality of users to perform reliable communication regard-
less of location and mobility. However, wireless channels
suffer from several problems such as path loss, shadowing,
fading, noise, limited bandwidth, power limitation of termi-
nals and inter-user interference. Other challenges in the
design of the radio communication system include resource
allocation, mobility issues related to rapidly changing physi-
cal channels, portability and design for providing security and
privacy.

When a transmission channel suffers from deep fading, if
another version or replica of a signal transmitted to a receiver
is not separately transmitted to the receiver, it is difficult for a
receiver to determine the transmitted signal. A resource cor-
responding the separate version or replica is called as a diver-
sity, and the diversity is one of the most important factors
contributing to reliable transmission. If the transmission
capacity or transmission reliability of data can be maximized
using the diversity, and a system for implementing a diversity
using multiple transmit and receive antennas is referred to as
a multiple input multiple output (MIMO) system.

Techniques for implementing the diversity in the MIMO
system are space frequency block code (SFBC), space time
block code (STBC), cyclic delay diversity (CDD), frequency
switched transmit diversity (FSTD), time switched transmit
diversity (TSTD), precoding vector switching (PVS), spatial
multiplexing (SM), etc.

Meanwhile, one of systems considered after the 3rd gen-
eration system is an orthogonal frequency division multiplex-
ing (OFDM) system capable of reducing an inter-symbol
interference effect with low complexity. The OFDM system
converts serially input data into N parallel data and transmits
the N parallel data respectively carried by N orthogonal sub-
carriers. The subcarrier maintains orthogonality in terms of
frequencies. Orthogonal frequency division multiple access
(OFDMA) refers to Orthogonal Frequency Division Multiple
Access (OFDMA ) refers to a multiple access method of real-
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izing multi-access by independently providing users with
some of available subcarriers in a system using OFDM as a
modulation method.

FIG. 1 illustrates a radio communication system.

Referring to FIG. 1, the radio communication system
includes at least one base station (BS) 20. Each of the BSs 20
provides a communication service for a specific terrestrial
area (generally, referred to as a cell) 20a, 205 or 20¢. The cell
may be divided into a plurality of areas (also referred to as
sectors). A user equipment (UE) 10 may be fixed or have
mobility. The UE 10 may be called as other terms including a
mobile station (MS), a subscriber station (SS), a wireless
device, a personal digital assistant (PDA), a wireless modem,
a handheld device, etc. The BS 20 generally refers to a fixed
station communicating with the UEs 10, and may be called as
other terms including an evolved-NodeB (eNB), a base trans-
ceiver system, an access point, etc.

Hereinafter, downlink (DL) means communication from a
BS to a UE, and uplink (UL) means communication from a
UE toaBS. Inthe DL, a transmitter may be a portion ofthe BS
and a receiver may be a portion of the UE. In the UL, a
transmitter may be a portion of the UE and a receiver may be
a portion of the BS.

The radio communication system may be any one of a
multiple input multiple output (MIMO) system, a multiple
input single output (MISO) system, a single input single
output (SISO) system and a single input multiple output
(SIMO). The MIMO system uses a plurality of transmit
antennas and a plurality of receive antenna. The MISO system
uses a plurality of transmit antennas and one receive antenna.
The SISO system uses one transmit antenna and one receive
antenna. The SIMO system uses one transmit antenna and a
plurality of receive antennas.

Hereinafter, the transmit antenna means a physical or logi-
cal antenna used to transmit one signal or stream, and the
receive antenna means a physical or logical antenna used to
receive one signal or stream.

Meanwhile, a long term evolution (LTE) system defined by
3rd generation partnership project (3GPP) employs the
MIMO. Hereinafter, the LTE system will be described in
detail.

FIG. 2 illustrates a structure of a radio frame in 3GPP LTE.

Referring to FIG. 2, the radio frame is composed of ten
subframes, and one subframe is composed of two slots. The
slots in the radio frame are designated by slot numbers from
0 to 19. The time at which one subframe is transmitted is
referred to as a transmission time interval (TTI). The TTI may
be called as a scheduling unit for data transmission. For
example, the length of one radio frame may be 10 ms, the
length of one subframe may be 1 ms, and the length of one slot
may be 0.5 ms.

The structure of the radio frame is merely an example, and
the number of subframes included in the radio frame, the
number of slots included in the subframe, etc. may be vari-
ously modified.

FIG. 3 is an exemplary view illustrating a resource grid for
one UL slot in the 3GPP LTE.

Referring to FIG. 3, the UL slot includes a plurality of
OFDM symbols in a time domain, and includes N“* resource
blocks (RBs) in a frequency domain. The OFDM symbol is
used to represent one symbol period, may be called as an
SC-FDMA symbol, OFDMA symbol or symbol period
depending on a system. The BS includes a plurality of sub-
carriers in the frequency domain as a resource allocation unit.
The number N%* of RBs included in the UL slot depends on
the UL transmission bandwidth configured in a cell. Each
element on a resource grid is referred to as a resource element.
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Although it has been illustrated in FIG. 3 that one RB
includes a 712 resource element composed of 7 OFDM sym-
bols in the time domain and 12 subcarriers in the frequency
domain, the number of subcarriers and the number of OFDM
symbols in the RB are not limited thereto. The number of
OFDM symbols and the number of subcarriers in the RB may
be variously changed. The number of OFDM symbols may be
changed depending on the length of a cyclic prefix (CP). For
example, the number of OFDM symbols in a normal CP is 7,
and the number of OFDM symbols in an extended CP is 6.

The resource grid for one UL slotin the 3GPP LTE of FIG.
3 may be applied to the resource grid for one DL slot.

FIG. 4 illustrates a structure of a DL subframe.

The DL subframe includes two slots in the time domain,
and each of the slots includes seven OFDM symbols in the
normal CP. Maximum three OFDM symbols (maximum four
OFDM symbols for a bandwidth of 1.4 MHz) prior to a first
slot in the subframe become a control region to which control
channels are allocated, and the other OFDM symbols become
a data region to which a downlink shared channel (PDSCH) is
allocated. The PDSCH means a channel through which a BS
transmits data to a UE.

A physical downlink control channel (PDCCH) may carry
resource allocation (also referred to as DL grant) and trans-
mission format on a downlink-shared channel (DL-SCH),
resource allocation information (also referred to as UL grant)
on a uplink-shared channel (UL-SCH), paging information
on a paging channel (PCH), system information on the DL-
SCH, resource allocation of an upper layer control message
such as a random access response transmitted on the PDSCH,
a set of transmission power control (TPC) for individual UEs
in a UE group, activation of a voice over Internet protocol
(VoIP), etc. The control information transmitted through the
PDCCH as described above is referred as downlink control
information (DCI).

Hereinafter, a downlink reference signal will be described
in detail.

In the 3GPP LTE system, two kinds of DL reference sig-
nals, i.e., a common reference signal (RS) or cell-specific RS
(CRS) and a dedicated RS or UE-specific RS (DRS) are
defined so as to provide a unicast service.

The common RS is a reference signal shared by all UEs in
acell, and is used to obtain information on a channel state and
perform handover measurement. The dedicated RS is a ref-
erence signal for only a specific UE, and is used to perform
data demodulation. The CRS is a cell-specific reference sig-
nal, and DRS is a UE-specific reference signal.

The UE measures a common RS and informs the BS of
feedback information such as channel quality information
(CQI), precoding matrix indicator (PMI) and rank indicator
(RD). The BS performs DL frequency domain scheduling
using the feedback information received from the UE.

To transmit an RS to the UE, the BS allocates a resource in
consideration of the amount of radio resource to be allocated
to the RS, the exclusive position of the RS and the dedicated
RS, the position of a synchronization channel (SCH) and a
broadcast channel (BCH), the density of the dedicated RS,
etc.

If a relatively large quantity of resource is allocated for the
RS, it is possible to obtain a high channel estimation perfor-
mance, but a data transmission rate is decreased. If a relatively
small quantity of resource is allocated for the RS, itis possible
to obtain a high data transmission rate, but the channel esti-
mation performance may be degraded due to a low density of
the RS.

Meanwhile, in the 3GPP LTE system, the DRS is used only
for data demodulation, and the CRS are used for both objects
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4

of channel information acquisition and data demodulation.
Particularly, the CRS is transmitted every subframe in a broad
band, and is transmitted for each antenna port of the BS. For
example, when the number of transmit antennas of the BS is
two, CRSs for antenna ports 0 and 1 are transmitted. When the
number of transmit antennas of the BS is four, CRSs for
antenna ports 0 to 3 are transmitted.

FIG. 5 illustrates an example of the structure of the uplink
subframe in the 3GPP LTE.

Referring to FIG. 5, the uplink subframe may be divided
into a control region in which a physical uplink control chan-
nel (PUCCH) carrying uplink control information is allocated
and a data region in which a physical uplink shared channel
(PUSCH) carrying uplink data information is allocated. To
maintain a single carrier property, RSs allocated to one UE
are contiguous in the frequency domain. The one UE cannot
transmit the PUCCH and the PUSCH at the same time.

The PUCCH for one UE is allocated as an RB pair in a
subframe. RBs constituting the RB pair occupy different sub-
carriers in first and second slots, respectively. The frequency
occupied by each of the RBs constituting the RB pair is
changed at a boundary between the slots. The UE transmits
uplink control information through different subcarriers
according to time, thereby obtaining a frequency diversity
gain.

The uplink control information transmitted on the PUCCH
includes hybrid automatic repeat request (HARQ) acknowl-
edgement (ACK)/negative acknowledgement (NACK), chan-
nel quality indicator indicating a downlink channel state,
scheduling request (SR) that is an uplink radio resource allo-
cation request, etc.

The PUSCH is mapped to the UL-SCH that is a transport
channel. Uplink data transmitted on the PUSCH may be a
transport block that is a data block for the UL-SCH transmit-
ted for the TTI. The transport block may be user information,
or the uplink data may be multiplexed data. The multiplexed
data may be data obtained by multiplexing the transport block
for the UL-SCH and control information. For example, the
control information multiplexed by the data may include
CQIL, PML, HARQ ACK/NACK, RI, etc. The uplink data may
be composed of only the control information.

Meanwhile, a high data transmission rate is required, and
the most basic and stable plan for solving the high data trans-
mission rate is to increase a bandwidth.

However, frequency resources are currently in a saturation
state, various technologies are partially used in a wide fre-
quency band. For this reason, carrier aggregation (CA) has
been introduced as a plan for securing a wideband bandwidth
in order to satisfy the requirement of the high data transmis-
sion rate. Here, the CA is a concept of designing to satisfy
basic requirements that an independence system is operable
in each of the scattered bands and binding a plurality of bands
using one system. In the CA, the band in which the indepen-
dent system is operable is defined as a component carrier
(CO).

The CA is employed not only in an LTE system but also in
an LTE-advanced (hereinafter, referred to as an ‘LTE-A”).

Carrier Aggregation

A carrier aggregation system refers to a system that forms
a wide band by aggregating one or more carriers having a
bandwidth narrower than a desired wideband when a radio
communication system intends to support the wideband. The
carrier aggregation system may be called as other terms
including a multiple carrier system, a bandwidth aggregation
system, etc. The carrier aggregation system may be divided
into a contiguous carrier aggregation system in which carriers
are contiguous and a non-contiguous carrier aggregation sys-
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tem in which carriers are separated from one another. Here-
inafter, when the carrier aggregation system is simply called
as a multiple carrier system or carrier aggregation system, it
should be understood that the carrier aggregation system
includes both cases in which component carriers are contigu-
ous and in which component carriers are non-contiguous.

In the contiguous carrier aggregation system, a guard band
may exist between carriers. When one or more carriers are
aggregated, the carriers to be aggregated may use the band-
width used in a conventional system as it is for the purpose of
backward compatibility with the conventional system. For
example, the 3GPP LTE system supports bandwidths of 1.4
MHz, 3 MHz, 5 MHz, 10 MHz, 15 MHz and 20 MHz. Alter-
natively, the 3GPP LTE does not use the bandwidth used in
the conventional system as it is but may form a wideband by
defining a new bandwidth.

In the carrier aggregation system, the UE may simulta-
neously transmit or receive one or a plurality of carriers
according to its capacity.

FIG. 6 illustrates an example of performing communica-
tion under a single component carrier situation. FIG. 6 may
correspond to an example of performing communication in
an LTE system.

Referring to FIG. 6, a general frequency division duplex
(FDD) radio communication system transmits/receives data
through one downlink band and one uplink band correspond-
ing thereto. The BS and the UE transmits/receive data and/or
control information scheduled as a subframe unit. The data is
transmitted/received through the data region configured in the
uplink/downlink subframe, and the control information is
transmitted/received through the control region configured in
the uplink/downlink subframe. To this end, the uplink/down-
link subframe carries signals through various physical chan-
nels. Although the FDD radio communication system has
been mainly described in FIG. 6, the aforementioned descrip-
tion may be applied to a time division duplex (TDD) radio
communication system by dividing a radio frame into uplink/
downlink radio frames in the time domain.

FIG. 7 illustrates an example of performing communica-
tion under a multiple component carrier situation. FIG. 7 may
correspond to an example of performing communication in
an LET-A system.

The LTE-A system uses a carrier aggregation, bandwidth
aggregation or spectrum aggregation using a wider uplink/
downlink bandwidth by aggregating a plurality of uplink/
downlink frequency blocks so as to use a wider frequency
band. Each of the frequency blocks is transmitted using a
component carrier (CC). In this specification, the CC may
mean a frequency block for carrier aggregation or a central
carrier of the frequency block according to the context, and
the frequency block and the central carrier are used together.

On the other hand, the 3GPP LTE system supports a case in
which the uplink/downlink bandwidths are configured differ-
ently, but supports one CC in each of the uplink/downlink
bandwidths. The 3GPP LTE system supports a maximum
bandwidth of 20 MHz, and supports only one CC in each of
the uplink/downlink bandwidths. Here, the uplink/downlink
bandwidths may be different from each other.

However, the spectrum aggregation (bandwidth aggrega-
tion or carrier aggregation) supports a plurality of CCs. For
example, if five CCs are allocated as the granularity of a
carrier unit having a bandwidth of 20 MHz, the spectrum
aggregation can support a maximum bandwidth of 100 MHz.

A pair of DL CC or UL CC and DL CC may correspond to
one cell. The one cell basically includes one DL. CC and
optionally includes UL CC. Therefore, it may be considered
that the UE communicating with the BS through a plurality of
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DL CCs receive services from a plurality of serving cells. The
DL is composed of a plurality of DL, CCs, but the UL may use
only one CC. In this case, it may be considered that the UE
receives services from a plurality of serving cells in the DL,
and receives a service from one serving cell in the UL.

In this meaning, the serving cell may be divided into a
primary cell and a secondary cell. The primary cell operates at
aprimary frequency, and is used to perform an initial connec-
tion establishment process, connection re-establishment pro-
cess or handover process of the UE. The primary cell is also
referred to as a reference cell. The secondary cell operates at
a secondary frequency, and may be configured after RRC
connection is established. The secondary cell may be used to
provide an additional radio resource. At least one primary cell
is always configured, and the secondary cell may be added/
modified/cancelled by upper layer signaling (e.g., an RRC
message).

Referring to FIG. 7, five CCs having a bandwidth of 20
MHz may be aggregated in each of the UL/DL, thereby sup-
porting a bandwidth of 100 MHz. CCs may be adjacent or
non-adjacent to one another in the frequency domain. For
convenience, FIG. 9 illustrates a case in which the band-
widths of UL and DL CCs are identical and symmetric to each
other. However, the bandwidth of each of the CCs may be
independently determined. For example, the bandwidth ofthe
UL CC may be configured as 5 MHz (UL CC0)+20 MHz (UL
CC1)+20 MHz (UL CC2)+20 MHz (UL CC3)+5 MHz (UL
CC4). Asymmetric carrier aggregation may be implemented
in which the number of UL CCs is different from that of DL
CCs. The asymmetric carrier aggregation may be formed due
to limitation of an available frequency band or may be artifi-
cially formed by network configuration. For example,
although the frequency band of the entire system is composed
of N CCs, the frequency band received by a specific UE may
be limited to M (<N) CCs. Various parameters for the CA may
be configured in a cell-specific, UE group-specific or UE-
specific manner.

Although it has been illustrated in FIG. 7 that the UL and
DL signals are respectively transmitted through CCs mapped
one by one, the CC through which a signal is substantially
transmitted may be changed depending on the network con-
figuration or kind of signal.

For example, when a scheduling command is downlink-
transmitted through the DL CC1, data according to the sched-
uling data may be transmitted through another DL CC or UL
CC. Control information related on the DL. CC may be
uplink-transmitted through a specific UL CC regardless of the
presence of mapping. Similarly, DL control information may
also be transmitted through a specific DL CC.

FIG. 8 is a block diagram illustrating a single carrier-
frequency division multiple access (SC-FDMA) transmission
schemethat is an uplink access scheme employed in the 3GPP
LTE.

SC-FDMA is employed in the uplink of LTE. Here, the
SC-FDMA is a scheme similar to OFDM, but can reduce
power consumption of a portable terminal and cost of a power
amplifier by decreasing a peak to average power ratio
(PAPR).

The SC-FDMA is a scheme similar to the OFDM in which
a signal is divided into sub-bands to be transmitted through
sub-carriers using fast Fourier transform (FFT) and inverse-
FFT (IFFT). The SC-FDMA is identical to the conventional
OFDM scheme in that a guard interval (cyclic prefix) is used
so that it is possible to utilize a simple equalizer in the fre-
quency domain with respect to inter-symbol interference
(ISI). However, the power efficiency of a transmitter has been
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improved by decreasing the PAPR at a transmitter terminal by
about 2 to 3 dB using an additional unique technique.

That is, the problem of the conventional OFDM receiver is
that signals carried by each sub-carrier on a frequency axis are
converted into signals on a time axis by the IFFT. Since
parallel equal operations are performed in the IFFT, an
increase in the PAPR occurs.

Referring to FIG. 8, to solve such a problem, a discrete
Fourier transform (DFT) 12 is first performed on information
before a signal is mapped to a sub-carrier in the SC-FDMA.
Sub-carrier mapping 13 is performed on a signal spread (or
precoded in the same meaning) by the DFT, and the signal
subjected to the sub-carrier mapping is converted into a signal
in the time axis by performing an IFFT 14.

In this case, unlike the OFDM, the PAPR of a signal in the
time domain after the IFFT 14 is not increased so much by the
correlation among the DEF 12, the sub-carrier mapping 13
and the IFFT 14, and thus the SC-FDMA is advantageous in
terms of transmission power efficiency.

That is, a transmission scheme in which the IFFT is per-
formed after DFT spreading is referred to as the SC-FDMA.

As such, the SC-FDMA has a similar structure to the
OFDM, thereby obtaining the signal strength for a multi-path
channel, and the SC-FDMA completely prevents the PAPR
from being increased through the through the IFFT in the
conventional OFDM, thereby enabling the use of a power
amplifier. Meanwhile, the SC-FDMA may also be called as
DEF spread OFDM (DEF-s-OFDM).

That is, the PAPR or cubic metric (CM) may be decreased
in the SC-FDMA. When the SC-FDMA transmission scheme
is used, it is possible to avoid a non-linear distortion period of
the power amplifier, and thus the transmission power effi-
ciency can be improved in an UE of which power consump-
tion is limited. Accordingly, it is possible to increase a user
throughput.

Meanwhile, the standardization of the LTE-A more
improved than the LTE has been actively performed in the
3GPP. In the process of standardizing the LTE-A, the SC-
FDMA-based scheme and the OFDM scheme competed with
each other, but a clustered DEF-s-OFDM scheme that allows
non-contiguous resource allocation has been employed.

Hereinafter, the LTE-A system will be described in detail.

FIG. 9 is a block diagram a clustered discrete Fourier
transform-spread-orthogonal frequency division multiplex-
ing (DFT-s-OFDM) transmission method employed as an
uplink access method in the LTE-advanced standard.

The important feature of the clustered DF T-s-OFDM is that
it is possible to flexibly cope with a frequency selective fading
environment by enabling frequency selective resource allo-
cation.

In the clustered DFT-s-OFDM scheme employed as the
uplink access scheme of the LTE-A, the non-contiguous
resource allocation is allowed differently from the SC-FDMA
that is an uplink access scheme of the conventional LTE, and
thus transmitted uplink data can be divided into several clus-
ter units.

That is, the LTE system maintains a single carrier charac-
teristic in the UL. On the other hand, the LTE-A allows a case
in which data subjected to DFT-precoding is non-contigu-
ously allocated on the frequency axis or the PUSCH and
PUCCH are transmitted at the same time.

SUMMARY OF THE INVENTION

Therefore, an aspect of the detailed description is to pro-
vide a method of performing cell measurement and a method
of'providing information for cell measurement, which enable
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a UE to effectively measure reference signal received power
(RSRP) and reference signal received quality (RSRQ).

Another aspect of the detailed description is to provide a
method capable of efficiently measuring RSRP and RSRQ of
serving and neighboring cells in an environment in which
base stations of different networks coexist in an LTE-based
radio communication system.

Still another aspect of the detailed description is to provide
a method capable of efficiently measuring RSRP and RSRQ
of serving and neighboring cells when enhanced inter-cell
interference coordination (eICIC) is driven in an LTE-A sys-
tem currently discussed in the 3GPP.

To achieve these and other advantages and in accordance
with the purpose of this specification, as embodied and
broadly described herein, there is provided a method of pro-
viding information for cell measurement, the method includ-
ing: configuring a subframe for performing measurement
with respect to a first cell, wherein the configured subframe is
different from a subframe for performing measurement with
respect to a second cell; and transmitting, from the first cell to
a user equipment (UE), a first pattern information on the
configured subframe and a second pattern information indi-
cating the subframe for performing measurement with
respect to the second cell, wherein the first or second pattern
information indicates the subframe for measurement as a bit
‘1, and the first or second pattern information indicates at
least one subframe a per radio frame, used for performing the
measurement.

The first or second pattern information may be represented
as a bit stream, and a first bit of the bit stream may correspond
to a zeroth subframe of a frame satisfying SFN mod x=0.
Here, the x denotes a size obtained by dividing 10 into the bit
stream, and the SFN denotes a system frame number.

The first or second pattern information may be a time
domain measurement resource restriction pattern or meas-
SubframePattern.

The first pattern information may be measSubframePat-
tern-Serv, or the second pattern information may be meas-
SubframePatter-Neigh.

The configured subframe may be configured in consider-
ation of a general almost black subframe (ABS) or MBMS
single frequency network (MBSFN) ABS other than an
MBSFN.

The second pattern information is received through X2
interface-based signaling.

In the transmitting of the first and second pattern informa-
tion, the first pattern information may be transmitted through
a radio resource control (RRC) message.

The RRC message is an RRC connection reconfiguration
message.

To achieve the above aspect of this specification, there is
provided a method of performing measurement in a UE
placed within a coverage of a serving cell and a coverage of a
neighboring cell, the method including: obtaining pattern
information on a subframe for performing measurement,
wherein the pattern information of the serving cell is config-
ured differently from that of the neighboring cell; and per-
forming measurement on the serving cell and the neighboring
cell on different subframes according to the pattern informa-
tion, wherein the pattern information indicates the subframe
for measurement as a bit ‘1, and the pattern information
indicates at least one subframe per radio frame, used for
performing the measurement.

The pattern information may be represented as a bit stream,
and a first bit of the bit stream may correspond to a zeroth
subframe of a frame satisfying SFN mod x=0. Here, the x
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denotes a size obtained by dividing 10 into the bit stream, and
the SFN denotes a system frame number.

The pattern information may be a time domain measure-
ment resource restriction pattern or measSubframePattern.

The pattern information may include a first pattern infor-
mation on the serving cell and a second pattern information
on the neighboring cell. The first pattern information may be
measSubframePattern-Neigh, or the second pattern informa-
tion may be measSubframePattern-Serv

The subframe may be configured as a general ABS or
MBSFN ABS other than an MBSFN.

The performing of the measurement may include measur-
ing one or more of reference signal received power (RSRP)
and reference signal received quality (RSRQ) through a cell-
specific reference signal (CRS).

To achieve the above aspect of this specification, there is
provided a base station including: a controller configured to
configure a subframe for performing measurement, wherein
the configured subframe is different from a subframe for
performing measurement on a neighboring cell; and a trans-
mitter configured to transmit a first pattern information on the
configured subframe and a second pattern information indi-
cating the subframe for performing the measurement with
respect to the neighboring cell to a UE, wherein the first or
second pattern information indicates the subframe for mea-
surement as a bit ‘1, and the first or second pattern informa-
tion indicates at least one subframe per radio frame, used for
performing the measurement.

To achieve the above aspect of this specification, there is
provided a UE including: a receiver configured to obtain
pattern information on a subframe for performing measure-
ment from a serving cell; and a controller configured to per-
form measurement with respect to the serving cell and a
neighboring cell on different subframes according to the pat-
tern information, when a user equipment is placed within a
coverage of the serving cell and a coverage of the neighboring
cell, wherein the pattern information indicates the subframe
for measurement as a bit ‘1, and the pattern information
indicates at least one subframe per radio frame, used for
performing the measurement.

Further scope of applicability of the present application
will become more apparent from the detailed description
given hereinafter. However, it should be understood that the
detailed description and specific examples, while indicating
preferred embodiments of the invention, are given by way of
illustration only, since various changes and modifications
within the spirit and scope of the invention will become
apparent to those skilled in the art from the detailed descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
exemplary embodiments and together with the description
serve to explain the principles of the invention.

In the drawings:

FIG. 1 illustrates a radio communication system;

FIG. 2 illustrates a structure of a radio frame in 3rd gen-
eration partnership project long term evolution (3GPP LTE);

FIG. 3 is an exemplary view illustrating a resource grid for
one uplink slot in the 3GPP LTE;

FIG. 4 illustrates a structure of a downlink subframe;

FIG. 5 illustrates an example of the structure of the uplink
subframe in the 3GPP LTE;
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FIG. 6 illustrates an example of performing communica-
tion under a single component carrier situation;

FIG. 7 illustrates an example of performing communica-
tion under a multiple component carrier situation;

FIG. 8 is a block diagram illustrating a single carrier-
frequency division multiple access (SC-FDMA) transmission
schemethat is an uplink access scheme employed in the 3GPP
LTE;

FIG. 9 is a block diagram a clustered discrete Fourier
transform-spread-orthogonal frequency division multiplex-
ing (DFT-s-OFDM) transmission method employed as an
uplink access method in the [LTE-advanced standard;

FIG. 10 is a structural diagram of an evolved mobile com-
munication network;

FIG. 11 illustrates a case in which pico and femto cells
coexist within a coverage of a macro cell;

FIG. 12 illustrates a system for implementing a multimedia
broadcast/multicast service (MBMYS);

FIG. 13 is an exemplary diagram illustrating enhanced
inter-cell interference coordination (eICIC) for solving inter-
base station interference;

FIG. 14A to 14D are exemplary diagrams illustrating sub-
frames operating as almost blank subframes (ABSs);

FIG. 15 illustrates a process of measuring reference signal
received power (RSRP) and reference signal received quality
(RSRQ) through a cell-specific RS (CRS);

FIG. 16 illustrates a process of providing a user equipment
(UE) with information for cell measurement;

FIG. 17 illustrates control plane and user plane architec-
tures of a radio interface protocol between an UE and an
evolved-universal terrestrial radio access network (E-UT-
RAN) based on a 3GPP radio access network standard;

FIG. 18 illustrates messages transmitted/received based on
the architecture of the protocol shown in FIG. 17;

FIG. 19 illustrates an example of a time domain measure-
ment resource restriction pattern;

FIG. 20 is an exemplary diagram illustrating a process of
measuring RSRP and RSRQ;

FIG. 21 is an exemplary diagram illustrating a situation in
which a UE exists within a coverage of a pico cell and a
coverage of a macro cell (eNodeB);

FIG. 22 illustrates an example in which subframes for cell
measurement are differently configured under a situation in
which a macro cell and pico/femto cells coexist;

FIG. 23 illustrates another example in which the subframes
for cell measurement are configured differently in the situa-
tion in which the macro cell and the pico/femto cells coexist;
and

FIG. 24 is a configuration block diagram illustrating a UE
and a base station (BS) according to an exemplary embodi-
ment.

DETAILED DESCRIPTION OF THE INVENTION

The following technology may be used in various multiple
access schemes such as code division multiple access
(CDMA), frequency division multiple access (FDMA), time
division multiple access (TDMA), orthogonal frequency
division multiple access (OFDMA) and single carrier-fre-
quency division multiple access (SC-FDMA). The CDMA
may be implemented by a radio technology such as universal
terrestrial radio access (UTRA) or CDMA2000. The TDMA
may be implemented by a radio technology such as a global
system for mobile communications (GSM)/general packet
radio service (GPRS)/enhanced data rates for GSM evolution
(EDGE). The OFDMA may be implemented by a radio tech-
nology such as institute of electrical and electronics engineers



US 9,185,590 B2

11

(IEEE) 802.11 (Wi-Fi), IEEE 802.16 (WiMAX), IEEE
802.20 or evolved UTRA (E-UTRA). The UTRA is a portion
of a universal mobile telecommunications system (UMTS).
3rd generation partnership project (3GPP) long term evolu-
tion (LTE) is a portion of an evolved UMTS (E-UMTS) using
the E-UTRA, which employs the OFDMA in downlink and
the SC-FDMA in uplink. [LTE-advanced (LTE-A) is an evo-
lution of the 3GPP LTE.

Technical terms used in this specification are used to
merely illustrate specific embodiments, and should be under-
stood that they are not intended to limit the present disclosure.
As far as not being defined differently, all terms used herein
including technical or scientific terms may have the same
meaning as those generally understood by an ordinary person
skilled in the art to which the present disclosure belongs to,
and should not be construed in an excessively comprehensive
meaning or an excessively restricted meaning. In addition, if
a technical term used in the description of the present disclo-
sure is an erroneous term that fails to clearly express the idea
of'the present disclosure, it should be replaced by a technical
term that can be properly understood by the skilled person in
the art. In addition, general terms used in the description of
the present disclosure should be construed according to defi-
nitions in dictionaries or according to its front or rear context,
and should not be construed to have an excessively restrained
meaning.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the invention. It will be further understood that the
terms “includes” and/or “including,” when used in this speci-
fication, specify the presence of stated features, integers,
steps, operations, elements, and/or components, but do not
preclude the presence and/or addition of one or more other
features, integers, steps, operations, elements, components,
and/or groups thereof.

In the following description, suffixes “module” and “unit
or portion” for components used herein in description are
merely provided only for facilitation of preparing this speci-
fication, and thus they are not granted a specific meaning or
function.

It will be understood that, although the terms “first,” “sec-
ond,” etc. may be used herein to describe various elements,
these elements should not be limited by these terms. These
terms are only used to distinguish one element from another
element. Thus, a “first” element discussed below could also
be termed as a “second” element without departing from the
teachings of the present invention.

In the drawings, the thickness of layers, films and regions
are exaggerated for clarity. Like numerals refer to like ele-
ments throughout.

Description will now be given in detail of the exemplary
embodiments, with reference to the accompanying drawings.
For the sake of brief description with reference to the draw-
ings, the same or equivalent components will be provided
with the same reference numbers, and description thereof will
not be repeated. It will also be apparent to those skilled in the
art that various modifications and variations can be made in
the present invention without departing from the spirit or
scope of the invention. Thus, it is intended that the present
invention cover modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

Hereinafter, although a user equipment (UE) is shown in
the drawings, the UE may be called as a terminal, mobile
equipment (ME), a mobile station (MS), user terminal (UT),
subscriber station (SS), wireless device, handheld device or
access terminal (AT). The UE may be a portable device hav-
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ing a communication function, such as a cellular phone, per-
sonal digital assistant (PDA), smart phone, wireless modem
or notebook computer, or may be a device that cannot be
carried, such as a personal computer (PC) or vehicle mount-
ing device.

FIG. 10 is a structural diagram of an evolved mobile com-
munication network.

One of the important characteristics in the structure of the
network of FIG. 10 is that it is based on a 2 tier model an
eNodeB 220 of the evolved UTRAN and a gateway (GW) of
the core network. The eNodeB 220 has a similar function,
although not exactly the same, to an eNodeB 210 and RNC of
the existing UMTS system, and the gateway has a function
similar to the SGSN/GGSN of the existing system.

Another important characteristic is that different interfaces
are exchanged by the control plane and the user plane
between the access network and the core network. While an lu
interface exists between the RNC and SGSN in the existing
UMTS system, a mobile management entity (MME) 510
handling the processing of a control signal has a structure
separated from the GW, and therefore, two separate inter-
faces, i.e., SI-MME and S1-U, are used. The GW includes a
serving-gateway (hereinafter, referred to as an S-GW 520)
and a packet data network gateway (hereinafter, referred to as
a PDN-GW or P-GW 530).

Meanwhile, in the 3rd or 4th generation mobile communi-
cation system, attempts to increase the capacity of a cell are
continuously made to support high-capacity and bidirectional
services including streaming, etc.

That is, as various large-capacity transmission technolo-
gies are required together with the development of commu-
nications and the spread of multimedia technologies, a
method of allocating a larger number of frequency resources
may be used as a method of increasing radio capacity. How-
ever, since the number of frequency resources is limited, there
is a limitation when the larger number of frequency resources
are allocated to a plurality of users.

Approaches for using a high frequency band and decreas-
ing the radius ofa cell have been made to increase the capacity
of'the cell. A pico or femto cell applied to a cell having a small
radius can use a higher frequency band than the frequency
used in the existing cellular system, and thus it is possible to
transmit a larger amount of information. However, since a
larger number of base stations (BSs) are installed in the same
area, installation cost is increased.

An approach for using a femto/pico cell has been proposed
among the approaches for increasing the capacity of the cell
having the small radius. The pico cell refers to a small-sized
cell having a radius smaller than that of a macro cell, and the
femto cell refers to a cell managed by a home eNodeB
(HeNB). Since the pico cell is installed by a provider and the
femto cell is installed by a user, it is assumed that the provider
does not exactly recognize the existence of the femto cell in
the 3GPP.

In the 3GPP, studies on the femto/pico cell 300 have been
mainly conducted by RAN WG3 under the name of home
(e)NodeB. In this case, the eNodeB 220 or NodeB 210 is
relatively referred to as a macro cell. Hereinafter, when the
NodeB 210 or eNodeB 220 are referred to as a macro cell,
reference numeral 200 is used.

In this specification, descriptions will be given based on
terminologies of the 3GPP, and the (e)NodeB is used when
the NodeB or eNodeB is mentioned together with the (e)No-
deB.

Interfaces shown by a dotted line are used for transmission
of a control signal between the femto/pico cell 300 and the
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MME 510. Interfaces shown by a solid line are used for
transmission of data on a user plane.

FIG. 11 illustrates a case in which pico and femto cells
coexist within a coverage of a macro cell.

As shown in FIG. 11, when different kinds of networks
including the pico/femto cells, etc. coexist within the cover-
age of a macro cell, the interference between the networks is
problematic.

That is, the pico or femto cell is placed in the macro cell,
and in this situation, an UE place at the boundary between the
overlapped cells is influenced by interference between sig-
nals transmitted from the respective cells.

As a specific example, when a UE 100 connected to the
pico cell 200 is placed at a boundary of the pico cell 300, the
connection between the UE 100 and the pico cell 300 may be
stopped due to the interference from the macro cell 200. This
means that the coverage of the pico cell 300 is narrower than
the expectation of the provider.

As another example, when the UE 100 connected to the
macro cell 200 is placed in the area of the femto cell 300, the
connection between the UE 100 and the macro cell 200 may
be stopped due to the interference from the femto cell 300.
This means that a shadow region in the macro cell 200 has
occurred.

The first example is called as a macro-pico problem and the
second example is called as a macro-femto problem. These
problems have come into the limelight as important problems
to be solved in the different kinds of networks.

The most basic method for solving such an interference
problem is that different frequencies are used between the
different kinds of networks. However, since the frequencies
are scarce and expensive resources, the solution through fre-
quency division was not welcomed by the provider.

Therefore, attempts to solve the inter-cell interference
problem have been made through time division in the 3GPP.

Accordingly, studies on enhanced inter-cell interference
coordination (eICIC) have recently been actively conducted
as one of interference coordination methods in the 3GPP.

The time division method introduced in LTE Release-10 is
called as the eICIC meaning that the time division method has
been evolved as compared with the existing frequency divi-
sion method. Here, a cell causing interference is defined as an
aggressor cell or primary cell, and a cell receiving interfer-
ence is defined as a victim cell or secondary cell. The time
division method is a method is a method in which the aggres-
sor cell or primary cell stops data transmission in a specific
subframe, so as to enable the UE to maintain connection to the
victim cell or secondary cell in the corresponding subframe.
That is, in the time division method, when the macro cell and
pico cell or the macro cell and femto cell coexist, one BS
temporarily stops the transmission of a signal to the UE
receiving a considerably high interference in any area, so that
an interference signal is hardly transmitted to the UE.

In the macro-pico or macro-femto problem described
above, the macro cell may be the aggressor cell or primary
cell, and the pico cell may be the victim cell or secondary cell.
On the contrary, the pico cell may be the aggressor cell or
primary cell, and the macro cell may be the victim cell or
secondary cell.

Meanwhile, the specific subframe in which the data trans-
mission is stopped is referred to as an almost blank subframe
(ABS), and any data except essentially required control infor-
mation is not transmitted in a subframe according to the ABS.
The essentially required control information is, for example,
a cell-specific reference signal (CRS). In the current 3GPP
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LTE/LTE-A standard, the CRS exists on zeroth, fourth, sev-
enth and eleventh OFDM symbols in each subframe on the
time axis.

In a next-generation mobile communication system, a mul-
timedia broadcast/multicast service has been proposed for the
purpose of broadcasting services.

FIG. 12 illustrates a system for implementing a multimedia
broadcast/multicast service (MBMS).

As can be seen with reference to FIG. 12, the system for
implementing the MBMS includes an MBMS GW 560, an
MB-SC 570, a content provider 580 and an MCE 590, in
addition to the eNodeB 220 and the MME 510.

Meanwhile, an MBMS single frequency network (MB-
SFN) in which a plurality of eNodeBs 220 transmit the same
data at the same time is applied in one service area.

The MBMS refers to a service that provides a streaming
service, background broadcast service or multicast service to
aplurality of UEs using a downlink-dedicated MBMS bearer
service. In this case, the MBMS may be divided into a multi-
cell service in which the same service is provided to a plural-
ity of cells and a single cell service in which one service is
provided to only one cell.

When the UE receives the multi-cell service, the UE may
receive the multi-cell service by combining the same service
transmitted from several cells through the MBSEN scheme.

Meanwhile, the subframe through which the MBMS is
transmitted is signaled to an MBSFN subframe, so that the
UE can recognize the transmitted MBMS.

FIG. 13 is an exemplary diagram illustrating enhanced
inter-cell interference coordination (eICIC) for solving inter-
base station interference.

As can be seen with reference to FIG. 13(a), the macro cell,
i.e., the eNodeB 220, and the pico cell 300 exchange infor-
mation on the MBSFN subframe with each other through an
X2 interface.

For example, the macro cell, i.e., the eNodeB 220 allows
the information on the MBSFEN subframe and information on
a subframe operating as the ABS to be included in an MBSFN
subframe info IE, and transmits the MBSFN subframe info IE
through an X2 interface-based request message.

Meanwhile, the pico cell 300 also allows the information
on the MBSFN subframe and the information on the sub-
frame operating as the ABS to be included in the MBSFN
subframe info IE, and transmits the MBSFN subframe info IE
through the X2 interface-based request message.

As such, the macro cell, i.e., the eNodeB 220, and the pico
cell 300 can exchange the information on the MBSFN sub-
frame with each other through the X2 interface.

However, the macro cell, i.e., the eNodeB 220, and the
femto cell 300 have no X2 interface. To obtain information on
the MBSFN of the macro cell, i.e., the eNodeB 220, the femto
cell 300 may obtain system information broadcasted by wire-
less from the macro cell, i.e., the eNodeB 220, thereby obtain-
ing the information on the MBSFN subframe. Alternatively,
the femto cell 300 may obtain the information on the MBSFN
subframe of the macro cell, i.e., the eNodeB 200 from a
control station of the core network.

Alternatively, if the information on the MBSFN subframe
of the macro cell, i.e., the eNodeB 220 is determined, the
information on the MBSFN subframe may be applied to the
femto cell 300 through operations and management (OAM).

Referring to FIG. 13(b), a subframe configured as the
MBSEFN by the pico cell 300 is shown. The pico cell 300
configures the corresponding subframe as the MBSFN and
informs the macro cell, i.e., the eNodeB 220 of the corre-
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sponding subframe through the X2 interface. Then, the macro
cell, i.e., the eNodeB 220 operates the corresponding sub-
frame as the ABS.

The pico cell 300 performs data transmission in the data
region of the corresponding subframe, and the CRS is trans-
mitted on zeroth, fourth, seventh and eleventh symbols.

On the other hand, if the eICIC is applied to the macro cell,
i.e., the eNodeB 220, the macro cell, i.e., the eNodeB 220
does not any data in the data region of the corresponding
subframe, thereby preventing interference. However, the
macro cell,i.e., the eNodeB 220 transmits only the CRS of the
corresponding subframe.

The UE measures reference signal received power (RSRP)
and reference signal received quality (RSRQ) using CRSs
respectively received from the macro cell, i.e., the eNodeB
220, and the pico cell 300. As a specific example, when a
serving cell of the UE 100 corresponds to macro cell and the
pico cell 300 corresponds to a neighboring cell, the UE 100
measures the RSRP and RSRQ of the serving cell through the
CRS from the macro cell, i.e., the eNodeB 220, and measures
the RSRP and RSRQ of the neighboring cell through the CRS
from the pico cell 300.

In the current 3GPP LTE/LET-A standard, the CRS exists
on the zeroth, fourth, seventh and eleventh OFDM symbols in
each subframe on the time axis. For the purpose of compat-
ibility with an LTE UE, the eICIC of the LTE-A does not
applies a separate subframe but uses an ABS in which data of
the other portions except a minimum signal necessary for the
operation of the UE, including the CRS, is not allocated. In
the MBSFN ABS subframe, the other CRSs except the first
CRS are additionally removed, so that the interference
between the CRSs can be excluded in fourth, seventh and
eleventh OFDM symbol periods including the other CRSs
except the first CRS.

FIG. 14A to 14D are exemplary diagrams illustrating sub-
frames operating as ABSs.

Referring to FIG. 14 A, a relation between macro and pico
cells in a subframe operating as a non-MBSFN, i.e., a general
subframe is shown. The macro cell transmits data in a data
region of the corresponding subframe, and transmits CRSs
through zeroth, fourth, seventh and eleventh symbols. If the
macro cell transmits the CRS through the same symbol, the
CRSs collide with each other, and therefore, the interference
between the CRSs occurs.

Referring to FIG. 14B, a relation between macro and pico
cells in a subframe operating as a non-MBSFN, i.e., a general
subframe is shown. The macro cell transmits data in a data
region of the corresponding subframe, and transmits CRSs
through zeroth, fourth, seventh and eleventh symbols. If the
macro cell transmits the CRSs through the zeroth, fourth,
seventh and eleventh symbols using different resources, it is
possible to avoid the collision between the CRSs.

Referring to FIG. 14C, a relation between macro and pico
cells on a subframe configured as an MBSFN by the pico cell
300. The pico cell 300 transmits data in a data region of the
subframe configured as the MBSFN. The pico cell 300 trans-
mits CRSs through zeroth, fourth, seventh and eleventh sym-
bols in the control region of the subframe. On the other hand,
if the eICIC is applied to the macro cell 220, the macro cell
220 does not transmit the data in the data region. However, the
macro cell 220 CRSs through the zeroth symbol on the sub-
frame. That is, In an MBSFN ABS subframe, the other CRSs
except the first CRS are additionally removed, so that the
interference between the CRSs can be excluded in fourth,
seventh and eleventh OFDM symbol periods including the
other CRSs except the first CRS. Accordingly, only the CRSs
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transmitted through the zeroth symbol collide with each
other, and therefore, the interference between the CRSs
occurs.

Referring to FIG. 14D, a relation between macro and pico
cells on a subframe configured as an MBSFN by the pico cell
300. The pico cell 300 transmits data in a data region of the
subframe configured as the MBSFN. The pico cell 300 trans-
mits CRSs through zeroth, fourth, seventh and eleventh sym-
bols in the control region of the subframe. On the other hand,
if the eICIC is applied to the macro cell 220, the macro cell
220 does not transmit the data in the data region. However, the
macro cell 220 CRSs through the zeroth symbol on the sub-
frame. If the pico cell 300 transmits the CRSs through the
zeroth symbol using different resources, itis possible to avoid
the collision between the CRSs.

As described above, when the UE measures RSRP/RSRQ
by receiving the CRSs from the pico cell 300 under the
situation in which the macro cell 220 and the pico cell 300
coexist, FIG. 14A illustrates a case in which the positions of
the CRSs of the macro and pico cells are the same as each
other. Therefore, the overlapped CRSs act as the interference
between the CRSs, and accordingly, the transmission perfor-
mance of a signal is remarkably lowered.

FIG. 15 illustrates a process of measuring RSRP and
RSRQ through a CRS.

As canbe seen with reference to FIG. 15, when the pico cell
300 is a serving cell and the macro cell, i.e., the eNodeB 220
is a neighboring cell with respect to the UE 100, the serving
cell and the neighboring cell transmit CRSs, respectively.
Then, the UE 100 measures the RSRP and RSRQ through the
CRSs, and transmits the measured result to the pico cell 300
that is the serving cell.

Hereinafter, the serving cell transmits necessary informa-
tion to the UE so as to perform measurement will be
described.

FIG. 16 illustrates a process of providing a UE with infor-
mation for cell measurement. FIG. 17 illustrates control plane
and user plane architectures of a radio interface protocol
between an UE and an evolved-universal terrestrial radio
access network (E-UTRAN) based on a 3GPP radio access
network standard. FIG. 18 illustrates messages transmitted/
received based on the architecture of the protocol shown in
FIG. 17.

As can be seen with reference to FIG. 16(a), the UE 100
establishes an RRC connection procedure with the pico/
femto cell 300 that is a serving cell.

Before describing RRC, the architecture of the protocol
among the UE 100, the serving cell 220 or 300 and the MME
510 will be described with reference to FIG. 17.

The protocol among the UE 100, the serving cell 220 or
300 and the MME 510 may be divided into a control plane and
a user plane. The control plane means a gateway through
which control messages used for the UE and network to
manage a call are transmitted. The user plane means a gate-
way through which data generated in an application layer,
e.g., voice data, Internet packet data, etc. is transmitted.

A physical layer as a first layer provides an information
transfer service to an upper layer using a physical channel.
The physical layer is connected to a medium access (MAC)
control layer above the physical layer via a transport channel.
Data is transferred between the MAC layer and the physical
layer via the transport channel. Data are transferred between
one physical layer of a transmitting side and the other physi-
cal layer of a receiving side via the physical channel. The
physical channel uses time and frequency as radio resources.
Specifically, the physical channel is modulated using an
orthogonal frequency division multiple access (OFDMA)
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scheme in a downlink, and is modulated using a single carrier
frequency division multiple access (SC-FDMA ) scheme in an
uplink.

The MAC layer of a second layer provides a service to a
radio link control (RLC) layer above the MAC layer via a
logical channel. The RLC layer of the second layer supports
reliable data transfer. The RLC layer may be implemented as
a functional block inside the MAC layer. To effectively trans-
mit IP packets such as IPv4 or IPv6 within a radio interface
having a narrow bandwidth, a packet data convergence pro-
tocol (PDCP) layer of the second layer performs header com-
pression to reduce the size of unnecessary control informa-
tion.

A radio resource control (RRC) layer located on a lowest
portion of a third layer is defined in only the control plane.
The RRC layer is associated with configuration, reconfigura-
tion and release of radio bearers RBs) to be in charge of
controlling the logical, transport and physical channels. The
RB means a service provided by the second layer for the data
transfer between the UE and the network. To this end, the
RRC layers of the UE and the network exchange RRC mes-
sages with each other. If the RRC layer of the UE is RRC
connected to the RRC layer of the network, the UE is in RRC
connected mode. If not so, the UE is in RRC idle mode. A
non-access stratum (NAS) layer located above the RRC layer
performs functions such as session management and mobility
management.

Meanwhile, as can be seen with reference to FIG. 18, the
messages transmitted/received between the UE 100 and the
serving cell, e.g., the eNodeB 220 or pico/femto cell 300 are
messages based on an RRC protocol. The messages transmit-
ted/received between the serving cell 220 or 300 and the
MME 510 are messages based on an S1 application protocol
(S1-AP).

The messages transmitted/received between the UE 100
and the MME 510 are messages based on a NAS protocol.
The messages based on the NAS protocol are encapsulated in
amessage based onthe RRC protocol and the S1-AP message
and then transmitted.

Hereinafter, an RRC state of a UE and an RRC connection
will be described.

The RRC state refers to whether or not the RRC layer is in
a logical connection with the RRC layer of the E-UTRAN.
When the RRC layers are logically connected to each other,
the RRC state is called as an RRC_CONNECTED state.
When the RRC layers are not logically connected to each
other, the RRC state is called as RRC_IDLE state. Since an
RRC connection exists in the UE ofthe RRC_CONNECTED
state, the E-UTRAN can recognize the existence of the cor-
responding UE in the cell unit, and thus can effectively con-
trol the UE. On the other hand, the E-UTRAN cannot recog-
nize the UE of the RRC_IDLE state, and the core network
manages the UE in tracking area units, which correspond to
area units larger than the cell units. That is, the UE in the
RRC_IDLE state is recognized only in large area units, and
the RRC is necessarily shifted to the RRC_CONNECTED
state in order to receive general mobile communication ser-
vices such as sound or data.

When a user initially turns on the power of the UE, the UE
searches for an adequate cell and then remains in the
RRC_IDLE state within the corresponding cell. When the UE
in the RRC Idle state is required to make an RRC connection,
the RRC of the UE can make an RRC connection with the
RRC of the E-UTRAN through an RRC connection proce-
dure, thereby shifting to the RRC_CONNECTED state.
There are various cases in which the UE in the RRC_IDLE
state is required to make an RRC connection. For example,
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there is a case in which an uplink data transmission is required
due to reasons such as the user’s attempt to make a phone call,
or a case in which a response message transmission is
required to be made after receiving a paging message from the
E-UTRAN.

As such, the UE 100 performs the RRC connection proce-
dure so as to shift to the RRC_Connected state, i.e., the RRC
connection state. As shown in FIG. 16(a), the UE 100 trans-
mits an RRC connection request message to the serving cell,
i.e., the pico/femto cell 300.

If the UE 100 receives an RRC connection setup message
from the serving cell in response to the RRC connection
request message, the UE 100 transmits an RRC connection
setup complete message to the serving cell.

Meanwhile, when it is required to reconfigure the RRC
connection after shifting to the RRC connection state, as
shown in FIG. 16(b), the serving cell, i.e., the pico/femto cell
300 transmits an RRC connection reconfiguration message to
the UE 100.

The RRC reconfiguration message may include, for
example, a radio resource configuration dedicated informa-
tion element (IE) and a measurement configuration
(MeasConfig). Table 1 shows information included in the
RRC reconfiguration message as shown in this figure.

TABLE 1

measConfig
mobillityControlInfo
dedicatedInfoNASList
radioResourceConfigDedicated
securityConfigHO
nonCriticalExtension

As such, the radio resource configuration dedicated IE, the
measurement configuration (MeasConfig), etc. are included
in the RRC reconfiguration message.

The radio resource configuration dedicated IE is used to
configure/modify/cancel radio bearers, to modify MAC con-
figuration, etc. The radio resource configuration dedicated IE
includes subframe pattern information. The subframe pattern
information is information on a measurement resource
restriction pattern on the time domain, for measuring RSRP
and RSRQ of a primary cell (PCell).

The radio resource configuration dedicated IE includes
fields as shown in the following table.

TABLE 2

- RadioResourceConfigDedicated
- measSubframePatternPCell-r10

The RadioResourceConfigDedicated field includes factors
as shown in the following table.

TABLE 3

RadioResourceConfigDedicated field descriptions

logicalChannelConfig

is used as a selection for indicating that the logical channel configuration
for SRBs( ) is clearly signaled or that the logical channel configuration
is set to a default logical channel configuration for SRB1
logicalChannelldentity

is a logical channel identifier for identifying both uplink (UL) and
downlink (DL)

mac-MainConfig

is a selection used to indicate that the mac-MainConfig is clearly signaled
or that the mac-MainConfig is set to default main configuration
measSubframePatternPCell



US 9,185,590 B2

19
TABLE 3-continued

RadioResourceConfigDedicated field descriptions

is a time domain measurement resource restriction pattern for
measuring RSRP and RSRQ of a primary cell (PCell, i.e., serving cell)
physicalConfigDedicated

is default dedicated physical configuration

As described above, measSubframePatternPCell or meas-
SubframePattern-Serv indicating the time domain measure-
ment resource restriction pattern for measuring the RSRP and
RSRQ ofthe primary cell (PCell, i.e., serving cell) is included
in the RadioResourceConfigDedicated field within the RRC
reconfiguration message.

Meanwhile, the measurement configuration (MeasConfig)
includes an IE as shown in the following table.

TABLE 4

MeasConfig ::=

-- Measurement objects
measObjectToRemoveList
measObjectToAddMoList

The measObjectToRemoveList indicating a list of mea-
sObject to be removed and measObjectToAddModList indi-
cating a list to be newly added or modified are included in the
measurement objects IE.

MeasObjectCDMA2000, MeasObjectEUTRA, MeasOb-
jectGERAN, etc. are included in the measObject according to
a communication technology.

Meanwhile, the MeasObjectEUTRA IE includes informa-
tion applied for the purpose of an intra-frequency or inter-
frequency for E-UTRA cell measurement. The MeasObject-
EUTRA IE is as shown in the following table.

TABLE §

1) MeasObjectEUTRA

- neighCellConfig

- measSubframePatternConfigNeigh-r10

2) MeasSubframePatternConfigNeigh-r10
measSubframePattern-Neigh-r10
measSubframeCellList-r10

The MeasObjectEUTRA is more specifically described as
follows.

TABLE 6

Description of MeasObjectEUTRA field

carrierFreq

identifies an E-UTRA carrier frequency effective in the configuration
neighCellConfig

indicates configuration information of a neighboring cell
measCycleSCell

Parameter: Tmeasure_ SCC

is used when a secondary cell (SCell) operates at a frequency indicated
in the measObject and is in a non-activated state
measSubframeCellList

is a list of cells to which the measSubframePattern-Neigh is applied.
If a cell is not included in the measSubframeCellList, a time domain
measurement resource restriction pattern for all neighboring cells is
applied to the UE

measSubframePattern-Neigh

is a time domain measurement resource restriction pattern applied in
measuring RSRP and RSRQ of a neighboring cell on the carrier frequency
indicated in the carrierFreq

As described above, the MeasObjectEUTRA includes a
configuration information of a neighboring cell (i.e., Neigh-
CellConfig), a time domain measurement resource restriction
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pattern (i.e., measSubframePattern-Neigh) applied in mea-
suring RSRP and RSRQ of the neighboring cell, and a cell list
(i.e., measSubframeCellList) to which the pattern is applied.

The time domain measurement resource restriction pattern
configured for the measured cell indicates at least one sub-
frame per radio frame, used for performing measurement.

The measurement must not be performed in any subframe
different from that indicated by the time domain measure-
ment resource restriction pattern for configured for the mea-
sured cell.

The configuration information of the neighboring cell (i.e.,
NeighCellConfig) includes information related to the
MBSEFN of the neighboring cell and information related to
TDD UL/DL configuration.

TABLE 7

Description of NeighCellConfig field

neighCellConfig

: is used to provide information related to the MBSFN of the neighboring
cell and information related to TDD UL/DL configuration

00: Although all neighboring cells are not applied at a specific frequency,
some of the neighboring cells have the same MBSFN subframe allocation
configuration as the serving cell.

10: All the neighboring cells have the same MBSFN subframe allocation
configuration as the serving cell at the specific frequency.

01: All the neighboring cells do not have MBSFN subframe configuration.
11: When comparing the neighboring cell with the serving cell at the
specific frequency, the neighboring cell has a different UL/DL
configuration from the serving cell.

FIG. 19 illustrates an example of a time domain measure-
ment resource restriction pattern.

As can be seen with reference to FIG. 19(a), the time
domain measurement resource restriction pattern (i.e., meas-
SubframePatternPCell or measSubframePattern-Neigh) may
be a subframe to which restriction is applied or a subframe to
which restriction is not applied, when the UE 100 performs
measurement. In this case, the subframe used to perform the
measurement by applying the restriction may be represented
as 1, and the subframe used to perform the measurement by
not applying the restriction may be represented as 0.

FIG. 20 is an exemplary diagram illustrating a process of
measuring RSRP and RSRQ.

Referring to FIG. 20(a), the UE 100 exists within the
coverage of a pico cell 300 and the coverage of a first macro
cell (eNodeB) 221 and a second macro cell (eNodeB) 222. In
this case, the pico cell 300 is a serving cell, and the first and
second macro cells (eNodeBs) 221 and 222 are neighboring
cells.

In this situation, a subframe that the pico cell 300 config-
ures as an MBSFN is shown in FIG. 20(5). If the pico cell 300
configures the corresponding subframe as the MBSFN and
informs the first and second macro cells (eNodeBs) 221 and
222 ofthe configuration through the X2 interface, the firstand
second macro cells 221 and 222 operate the corresponding
subframe as an ABS.

The pico cell 300 performs data transmission in the data
region of the corresponding subframe, and transmits CRSs in
the control and data regions. The CRSs are transmitted on
zeroth, fourth, seventh and eleventh symbols. On the other
hand, since the first and second macro cells 221 and 222
operate the corresponding subframe as the ABS, any data is
not transmitted in the data region, thereby preventing inter-
ference between the CRSs. However, the first and second
macro cells 221 and 222 transmit CRSs on the zeroth, fourth,
seventh and eleventh symbols or the zeroth symbol according
to the non-MBSFN ABS and MBSFN ABS.

Meanwhile, the UE 100 receives, as described above, the
radio resource configuration dedicated IE and the measure-
ment configuration (MeasConfig) from the pico cell 300.
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In this case, the radio resource configuration dedicated IE
includes the measSubframePattern-Serv as described above.
As described above, the measurement configuration
(MeasConfig) the neighCellConfig indicating the configura-
tion information of the neighboring cell, the measSubframe-
Pattern-Neigh indicating the time domain measurement
resource restriction pattern applied in measuring the RSRP
and RSRQ of the neighboring cell and the measSubframe-
CellList indicating the list of the cells to which the measSub-
framePattern-Neigh is applied.

First, the UE 100 identifies the measSubframePattern-Serv
s0 as to perform measurement for the serving cell, i.e., the
pico cell 300. If it is identified by the measSubframePattern-
Serv that the received subframe is a subframe to which the
restriction pattern is applied, the UE 100 performs measure-
ment by receiving CRSs on the zeroth, fourth, seventh and
eleventh symbols of the subframe received from the serving
cell, i.e., the pico cell 300.

Meanwhile, the UE 100 identifies the measurement con-
figuration (MeasConfig) so as to measure the neighboring
cells, i.e., the first and second macro cells 221 and 222. It is
assumed that the subframe shown in FIG. 20(6) by the meas-
SubframePattern-Neigh in the measurement configuration
(MeasConfig) is a subframe to which the restriction is applied
in performing the measurement of the neighboring cell and
the cells to which the restriction is applied by the measSub-
frameCellList are known as the first and second macro cells
221 and 222.

As such, when the subframe shown in FIG. 20(6) by the
measSubframePattern-Serv and the measSubframePattern-
Neigh is a subframe to be measured, the UE 100 receives

10

15

20

25

30

22

the data region, the RSRQs of the serving cell and the neigh-
boring cell are measured almost identical to each other, and it
cannot be determined which one of the serving cell and the
neighboring cell has RSRQ superior to the other. As a result,
the UE cannot correctly perform cell selection or cell rese-
lection.

When the subframes restricted by the measSubframePat-
tern-Serve and the measSubframePattern-Neigh are set iden-
tical to each other, there is a serious limitation in performing
the cell selection or cell reselection through RSRP and
RSRQ.

Hereinafter, the accuracy required to measure RSRP and
RSRQ will be described.

The accuracy of the RSRP may be divided into absolute
accuracy and relative accuracy. The absolute accuracy and the
relative accuracy will be described in detail as follows.

First, the absolute accuracy will be described. When a time
domain measurement resource pattern is applied, the absolute
accuracy of the RSRP is required to measure a cell operating
at the same frequency as the serving cell.

If it is assumed that CRSs in the measured cell are trans-
mitted from one, two or four antenna ports, the required
absolute accuracy is as follows.

RSRPI z,,2—127 dBm with respect to bands 1, 4, 6, 10, 11,
18, 19, 21, 24, 33, 34, 35, 36, 37, 38, 39, 40, 42 and 43

RSRPI ;5,,2—126 dBm with respect to bands 9 and 41

RSRPI z,,2-125 dBm with respect to bands 2, 5 and 7

RSRPI 5,,2—124 dBm with respect to bands 3, 8, 12, 13,
14, 17 and 20

These are shown in the following Table 8.

TABLE 8

Condition

Bands 1, 4, 6,
10,11, 18,19, 21, 24,
Accuracy [dB 33,34, 35,36, 37,

Bands 3, 8, 12, 13,

General Maximum 38, 39, 40,42 and 43 Bands 2, 5 and 7 14,17 and 20 Bands 9 and 41
Parameter Unit condition condition Io To To To
RSRP for dBm +6 +9 121 dBm/ 119 dBm/ 118 dBm/ 120 dBn/
Es/L,, = [-4] 15kHz ... -70 dBm/ 15kHz...-70 dBm/ 15kHz...-70 dBm/ 15kHz. .. -70 dBm/
dB BW Crannet BW Cranner BW Channer BW Channer
RSRP for dBm =9 =11 -70 dBm/ -70 dBm/ -70 dB/ -70 dB/
Es/L,, = [-4] BW chnmer « - - =30 dBm/  BW ppmer - - - =30 dABV BW ner - - - =50 dBmV BW e - - - =50 dBm/
dB BW Crannet BW Channer BW Channer BW Channer

CRSs from the serving cell, i.e., the pico cell 300, and
receives CRSs from the neighboring cells, i.e., the first and
second macro cells 221 and 222, thereby performing the
measurement.

In this case, the subframe is operated as the ABS by the
neighboring cells, i.e., the first and second macro cells 221
and 222, and therefore, any data is not received in the data
region.

When the RSRP and RSRQ are measured, the RSRQ
depends on a signal-to-interference plus noise ratio (SINR).
That is, the RSRQ is defined as (NxSRP)/received signal
strength indicator (RSSI). Here, N denotes a number of RBs
in an RSSI measurement band, and RSSI denotes a strength of
the received signal. That is, the RSRQ means the strength of
an actual reference signal by removing interference and noise
from the received signal.

When the subframe shown in FIG. 20(5) is operated as the
ABS by the neighboring cells, i.e., the first and second macro
cells 221 and 222, and therefore, any data is not transmitted in

50

55

60

65

Io is defined with respect to REs in the subframe indicated
by the time domain measurement resource restriction pattern
applied in measuring the RSRP of the measured cell.

Meanwhile, when the time domain measurement resource
pattern is applied, the relative accuracy of the RSRP is also
required to measure a cell operating at the same frequency as
the serving cell.

If it is assumed that CRSs in the measured cell are trans-
mitted from one, two or four antenna ports, the required
relative accuracy is as follows.

RSRP1,2l ,5,,2-127 dBm with respect to bands 1, 4, 6, 10,
11, 18, 19, 21, 24, 33, 34, 35, 36, 37, 38, 39, 40, 42 and 43

RSRP1,2l 5, =-126 dBm with respect to bands 9 and 41

RSRP1,2l 5,,2-125 dBm with respect to bands 2, 5 and 7

RSRP1,2] -.,=—124 dBm with respect to bands 3, 8, 12,
13,14, 17 and 20

Here, dBm is a unit of electric power (Watt), and 1 mW=0
dBm.

These are shown in the following Table 9.
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TABLE 9
Condition
Bands 1,4, 6,
10,11, 18,19, 21, 24,
Accuracy [dB 33, 34, 35, 36, 37, Bands 3, 8,12, 13,
General Maximum 38, 39,40,42 and 43  Bands 2, 5 and 7 14,17 and 20 Bands 9 and 41

Parameter Unit condition condition Io To To To
RSRP for dBm =2 3 -121 dBm/ -119 dBm/ -118 dBm/ -120 dBm/
Es/1,, = [-4] 15kHz...-50dBm/ 15kHz...-50dBm/ 15kHz...-50dBm/ 15kHz...-50
dB BW et BW et BW Crannet dBm/BW 0
RSRP for dBm +3 3 -121 dBm/ -119 dBm/ -118 dBm/ -120 dBm/
Es/1,, = [-4] 15kHz...-50dBm/ 15kHz...-50dBm/ 15kHz...-50dBm/ 15kHz...-50
dB BW channer BW channer BW channet dBmV/BW chamer

Hereinafter, the accuracy of the RSRQ will be described.

When a time domain measurement resource pattern is
applied, the absolute accuracy of the RSRQ is also required to
measure a cell operating at the same frequency as the serving
cell.

If it is assumed that CRSs in the measured cell are trans-
mitted from one, two or four antenna ports, the required
absolute accuracy is as follows.

RSRQI j5,,2—127 dBm with respect to bands 1, 4, 6,10, 11,
18,19, 21, 24, 33, 34, 35, 36, 37, 38, 39, 40, 42 and 43

RSRQI s5,,2-126 dBm with respect to bands 9 and 41

RSRQI s5,,2—125 dBm with respect to bands 2, 5 and 7

RSRQI s5,,2—124 dBm with respect to bands 3, 8, 12, 13,
14,17 and 20

These are shown in the following Table 10.

TABLE 10
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In this case, two scenarios may exist. A first scenario is a
case in which the macro cell 200 is a serving cell and the pico
cell 300 is a neighboring cell. A second scenario is a case in
which the pico cell 300 is a serving cell and the macro cell is
a neighboring cell.

First, the first scenario is shown in FIG. 21(a). As shown in
FIG. 21(a), the UE 100 is under communication with the
macro cell 220 that is a serving cell, and measures RSRP and
RSRQ by receiving CRSs from the macro cell 220 and the
pico cell 300 while moving toward the macro cell 220.
Accordingly, the UE 100 finally performs selection or rese-
lection of the pico cell 300.

Next, the second scenario is shown in FIG. 21(5). As shown
in FIG. 21(b), the UE 100 is under communication with the
pico cell 300 that is a serving cell, and measures RSRP and

Condition

Bands 1,4, 6,
10,11, 18,19, 21, 24,
Accuracy [dB 33, 34, 35, 36, 37,

Bands 3, 8, 12, 13,

General Maximum 38, 39,40,42 and 43  Bands 2, 5 and 7 14,17 and 20 Bands 9 and 41
Parameter Unit condition condition Io To To To
RSRQ dBm 2.5 =4 -121 dBm/ -119 dBm/ -118 dBm/ -120 dBm/
when 15kHz...-50dBm/ 15kHz...-50dBm/ 15kHz...-50dBm/ 15kHz...-50
RSRP BW channer BW channer BW channet dBmV/BW chamer
Es/I,, =
[TBD] dB
RSRQ dBm 3.5 =4 -121 dBm/ -119 dBm/ -118 dBm/ -120 dBm/
when 15kHz...-50dBm/ 15kHz...-50dBm/ 15kHz...-50dBm/ 15kHz...-50
RSRP BW channer BW channer BW channet dBmV/BW chamer
Es/1,, = [-4]
dB

As described above, the UE necessarily measures the
RSRQ in only the subframe indicated by the measSubframe-
Pattern-Serv and the measSubframePattern-Neigh. Although
the RSRP may be measured in another subframe, the mea-
surement is generally performed on only the indicated sub-
frame for the purpose of actual requirements.

FIG. 21 is an exemplary diagram illustrating a situation in
which a UE exists within a coverage of the pico cell 300 and
a coverage of the macro cell (eNodeB) 220.

As can be seen with reference to FIG. 21, when the macro
cell 220 operates a specific subframe as the ABS under a
situation in which the macro cell and the pico cell coexist, the
UE 100 performs cell selection or cell reselection by measur-
ing the signal strength and quality of each cell in the corre-
sponding specific subframe.
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RSRQ by receiving CRSs from the macro cell 220 and the
pico cell 300 while moving the macro cell 220. Accordingly,
the UE 100 finally performs selection or reselection of the
macro cell 220.

As described above, when the subframe indicated by the
measSubframePattern-Serv and the measSubframePattern-
Neigh is set to the ABS by the macro cell 220, and therefore,
any data is not received, the RSRQs of the serving cell and the
neighboring cell are measured almost identical to each other,
and it cannot be determined which one of the serving cell and
the neighboring cell has RSRQ superior to the other. As a
result, the UE cannot correctly perform cell selection or cell
reselection.

Although the UE measures an actual RSRP/RSRQ of the
macro cell 220 in a subframe set to the ABS by the macro cell
200, an actual service is not performed in the period of the
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corresponding subframe. Hence, it is meaningless that the UE
performs cell selection or cell reselection.

Hereinafter, a method in which a serving cell and a neigh-
boring cell differently configure the time domain measure-
ment resource limitation pattern indicating subframes to be
measured will be described.

FIG. 22 illustrates an example in which subframes for cell
measurement are differently configured under a situation in
which the macro cell and pico/femto cells coexist.

In FIG. 22, when the macro cell 220 is a serving cell, the
macro cell 220 and the pico cell 300 differently configure
subframes for measurement.

Specifically, the macro cell 220 configures zeroth and
eighth subframes among subframes 2201 as ABSs. In this
case, a pattern representing a general subframe other than the
ABS, i.e., a non-ABS pattern 2202 may be represented as
011111101111111. In addition, a pattern representing the
subframe configured as the ABS, i.e., an ABS pattern 2203
may be represented as 1000000010000000.

In this case, like the macro cell 220, the pico cell 300 that
is a neighboring cell may configure subframes as ABSs. How-
ever, the macro cell 220 and the pico cell 300 necessarily
configure different time domain measurement resource
restriction patterns indicating subframes to be measured.

That is, the time domain measurement resource restriction
pattern (i.e., the measSubframePattern-Serv) applied in per-
forming measurement on the macro cell 220 that is the serv-
ing cell is a subset of the non-ABS pattern 2202, and may be
configured as 0110000001100000.

The time domain measurement resource restriction pattern
(i.e., the measSubframePattern-Neigh) applied in performing
measurement on the pico cell 300 that is the neighboring cell
is a subset of the ABS pattern 2203, and may be configured as
1000000010000000.

As such, the macro cell 220 and the pico cell 300 differ-
ently configure the time domain measurement resource
restriction patterns indicating the subframes to be measured,
thereby solving the aforementioned problem.

FIG. 23 illustrates another example in which the subframes
for cell measurement are configured differently in the situa-
tion in which the macro cell and the pico/femto cells coexist.

In FIG. 23, when the pico cell 300 is a serving cell, the
macro cell 220 and the pico cell 300 differently configure
subframes for measurement.
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Specifically, the macro cell 220 that is a neighboring cell
configures zeroth and eighth subframes among subframes
2301 as ABSs. In this case, a pattern representing a general
subframe other than the ABS, i.e., a non-ABS pattern 2302
may be represented as 0111111101111111. In addition, a
pattern representing the subframe configured as the ABS, i.e.,
an ABS pattern 2303 may be represented as
1000000010000000.

In this case, like the macro cell 220 that is the neighboring
cell, the pico cell 300 that is the serving cell may configure
subframes as ABSs. However, the macro cell 220 and the pico
cell 300 necessarily configure different time domain mea-
surement resource restriction patterns indicating subframes
to be measured.

That is, the time domain measurement resource restriction
pattern (i.e., the measSubframePattern-Serv) applied in per-
forming measurement on the pico cell 300 that is the serving
cell is a subset of the ABS pattern 2303, and may be config-
ured as 1000000010000000.

The time domain measurement resource restriction pattern
(i.e., the measSubframePattern-Neigh) applied in performing
measurement on the macro cell 220 that is the neighboring
cell is a subset of the non-ABS pattern 2302, and may be
configured as 0110000001100000.

According to the method of the present invention shown in
FIGS. 22 and 23, when the macro cell 220 is a serving cell or
neighboring cell, the pattern for the RSRP/RSRQ measure-
ment of the macro cell 220 is limited to the subset of a
subframe except the ABS subframe of the macro cell 220. On
the other hand, the pattern for the RSRP/RSRQ measurement
of the pico cell 300 is identical to the ABS subframe of the
macro cell 220 or is limited to the subset of a subframe except
the ABS subframe of the macro cell 220.

As such, the macro cell 220 and the pico cell 300 differ-
ently configure the time domain measurement resource
restriction patterns indicating the subframes to be measured,
thereby solving the aforementioned problem.

Particularly, the absolute accuracy obtained by measuring
RSRQs using parameters shown in the following Table 11
under a non-MBSFN situation in which CRSs do not collide
with one another is shown in the following Table 11.

In the following Table 11, Cell 1 is a serving cell and Cell
2 is a target cell. The RSSI is used for RSRQ. The RSRQ is a
cell indicated by the time domain measurement resource
restriction pattern configured for the measured cell. In addi-
tion, RSSI is used for the RSRQ.

TABLE 11
Test 1 Test2 Test 3
Parameter Unit Cell 1 Cell 2 Cell 1 Cell 2 Cell 1 Cell 2
E-UTRA RF 1 1 1
Channel Number
BW Cranner MHz 10 10 10

Reference Signals

Cell ABS pattern
ABS pattern for
serving cell
measurement
signaled to the UE
in measSubframe
Pattern-Serv-r10
ABS pattern for
neighbor cell
measurement
signaled to the UE
in measSubframe
Pattern-Neigh-r10

! = mod(PCI_.;p, 3)

mod(PCL,;;, 3) mod(PCI,;;, 3)

! =mod(PCl_;p, 3)

mod(PCL ., 3)
!'=mod(PCl., 3)

[11000000]  N/A  [11000000]  N/A  [11000000]  N/A
[00110000] [00110000] [00110000]
[11000000] [11000000] [11000000]
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Parameter

Test 1

Test2

Test 3

Unit Cell 1 Cell 2

Cell 1 Cell 2

Cell 1 Cell 2

Measurement
bandwidth
PDSCH Reference
measurement
channel
PDSCH allocation
PDCCH/PCFICH/
PHICH Reference
measurement
channel
OCNG Patterns
(OP.1 FDD) and
A3.2.1.2(0P2
FDD)
PBCH RA
PBCHRB

Band 9
Es/I_, on Non-ABS
subframe
Es/I,, on ABS
subframe
RSRP Bands 1,
4,6,10,
11, 18,
19, 21,
23 and
24
Bands 2,
Sand 7
Band 25
Bands 3,
8,12,
13, 14,
17 and
20
Band 9

RSRQ  Bandsl,

Nprs 22-7
R.O —
FDD
Npry 13-6 —
R.6 FDD

OP.1 OP.2
FDD FDD

dB 0 0

dBm/
15 kHz

[-84.76]

dB [1.881]
dB [1.881]

dBm/
15 kHz

[-80.76]

dB [-12.96]

[-84.76]  [-103.85]

[-7.46] [1.881]

[-7.46] [1.881]

[-86.76]  [-99.85]

[-15.22]  [-12.96]

22-7
R.O —
FDD
13-6 —
R.6 FDD

OP.1 OP.2
FDD FDD

[-103.85]

[-15.22]

22-7
R.O —
FDD
13-6 —
R.6 FDD

OP.1 OP.2
FDD FDD

[-116]

[-114]

[112.5]
[-113]

[-110] [-118]

[-108.5]
[-109]

[-116.5]
[-117]

[-111]
[-12.71]
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Parameter

Test 1

Test 3

Unit Cell 1 Cell 2

Cell 1

Cell 2

Cell 1 Cell 2

Io on

Non-

ABS
subframe

Bands 1,
4,6,10,
11, 18,
19, 21,

dBm/
9 MHz

[-51] [-51]

[-70]

[-70]

23 and
24
Bands 2,
Sand 7
Band 25
Bands 3,
8,12,
13, 14,
17 and
20
Band 9
To on Bands 1,
ABS
subframe

dBm/
9 MHz

[-53.86]  [-53.86]  [-72.95]

Bands 3,

8,12,

13, 14,

17 and

20

Band 9
Es/N,,. dB (4] (2] [4]
Propagation —

condition

[-72.95]

[-82.3]

]
-85.6]

In Table 11, the OCNG is used when cells are sufficiently 35 subcarriers have no relation with interference and noise in the

allocated and the total transmission power spectral density for
OFDM symbols is maintained constant. It was assumed that
interference and noise sources from another cell not indicated
in the test are constant with respect to subcarriers. The RSRQ,
RSRP and Io level are induced from another parameter for

antenna port of each receiver. Itis assumed that PDSCH is not
transmitted in the ABS subframe.

Meanwhile, the absolute accuracy obtained by measuring
RSRQs using parameters shown in the following Table 12

another information. The minimum requirements of the 0 under an MBSFN ABS situation is shown in the following
RSRP and RSRQ are indicated under the assumption that the Table 12.

TABLE 12

Parameter

Test 1

Test2

Test 3

Unit

Cell 1 Cell 2

Cell 1 Cell 2

Cell 1 Cell 2

E-UTRA RF
Channel Number
BW Grannet
Reference Signals

Cell ABS pattern
ABS pattern for
serving cell
measurement
signaled to the UE
in measSubframe
Pattern-Serv-r10
ABS pattern for
neighbor cell
measurement
signaled to the UE
in measSubframe
Pattern-Neigh-r10
Measurement
bandwidth
PDSCH Reference
measurement
channel

MHz

Nprp

1
10
mod(PCL y,3) =
mod(PCI_.;p, 3)

[00100001000010000000] N/A
[01000010000100000000]

[00100001000010000000]

22-7

FDD

1

10
mod(PCL,py,, 3) =
mod(PCL ., 3)
[00100001000010000000] N/A
[01000010000100000000]

[00100001000010000000]

22-7

R.O —
FDD

1

10
mod(PCL .y, 3) =
mod(PCL,;p, 3)
[00100001000010000000] N/A
[01000010000100000000]

[00100001000010000000]

22-7

R.O —
FDD
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Parameter

Unit

Test 1

Test 2

Test 3

Cell 1

Cell 2

Cell 1

Cell 2

Cell 1

Cell 2

PDSCH allocation
PDCCH/PCFICH/
PHICH Reference
measurement
channel
OCNG Patterns
(OP.1 FDD) and
A3.2.1.2 (0P2
FDD)
PBCH RA
PBCHRB
PSS RA
SSS RA
PCFICH RB
PHICH RA
PHICH RB
PDCCH RA
PDCCH RB
PDSCH RA
PDSCHRB
OCNG RA
OCNG RB
v Bands 1,
4,6,10,
11, 18,
19, 21,
23 and
24
Bands 2,
Sand 7
Band 25
Bands 3,
8,12,13,
14,17
and 20
Band 9
Es/I,, on Non-ABS
subframe
Es/I_,on ABS
subframe
RSRP  Bands1,
4,6,10,
11, 18,
19, 21,
23 and
24
Bands 2,
Sand 7
Band 25
Bands 3,
8,12,13,
14,17
and 20
Band 9
RSRQ Bands1,
4,6,10,
11, 18,
19, 21,
23 and
24
Bands 2,
5,7 and
25
Bands 3,
8,12,13,
14,17
and 20
Band 9
To on Bands 1,
Non- 4,6,10,
ABS 11, 18,
sub- 19, 21,
frame 23 and
24
Bands 2,
Sand 7

N,

prp

dB

dBm/
15
kHz

dB

dB

dBm/

kHz

dB

dBm/
9
MHz

13-6

R.6 FDD

OP.1
FDD

[-84.76]

[1.881]
[1.881]

[-80.76]

[-12.96]

[-51]

OP.2
FDD

[-84.76]

13-6
R.6 FDD

OP.1
FDD

[-103.85]

[1.881]
[1.881]

[-99.85]

[-12.96]

[-70]

OP.2
FDD

[-103.85]

13-6
R.6 FDD

OP.1
FDD

[-116]

[-114]

[112.5]
[-113]

[-115]
[2.541]

[2.541]

[-112]

[-110]

[-108.5]
[-109]

[-111]
[-12.71]

[-82.3]

[-80.3]

OP.2
FDD

[-118]

[-116.5]
[-117]

[-119]
[-16.34]
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TABLE 12-continued
Test 1 Test 2 Test 3
Parameter Unit Cell 1 Cell 2 Cell 1 Cell 2 Cell 1 Cell 2
Band 25 [-78.8]
Bands 3, [-79.3
8,12,13,
14,17
and 20
Band 9 [-81.3]
Ioon  Bandsl, dBm/ [-53.86] [-53.86] [-72.95] [-72.95] [-85.6]
ABS 4,6,10, 9
sub- 11,18, MHz
frame 19, 21,
23 and
24
Bands 2, [-83.6]
Sand 7
Band 25 -82.1
Bands 3, -82.6]
8,12,13,
14,17
and 20
Band 9 [-84.6]
Es/N,, dB 4] [-2] 4] [-2] 4] [-4]
Propagation — AWGN AWGN AWGN
condition
Time offset between — ms 2] [2] 2]
cells

The exemplary embodiments described above may be
implemented using various means. For example, the exem-
plary embodiments may be implemented by hardware, firm-
ware, software, or combination thereof.

According to the implementation using the hardware, the
method according to the exemplary embodiments may be
implemented using at least one of application specific inte-
grated circuits (ASICs), digital signal processors (DSPs),
digital signal processing devices (DSPDs), programmable
logic devices (PLDs), field programmable gate arrays (FP-
GAs), processors, controllers, etc.

According to the implementation using the firmware or
software, the method according to the exemplary embodi-
ments may be implemented in the form of a module, proce-
dure or function performing functions and operations
described above. Software codes may be stored in a memory
unit and executed by a processor. The memory unit may be
located in the inside or outside of the processor, and commu-
nicate data with the processor using various means known in
the art.

FIG. 24 is a configuration block diagram illustrating the
UE 100 and the BS 220/300 according to an exemplary
embodiment.

As shown in FIG. 24, the UE 100 includes a storage means
110, a controller 120 and a transceiver 130. The BS 220/300
is amacro BS or pico/femto BS, and includes a storage means
221/301, a controller 222/302 and a transceiver 223/303.

The storage means 110 or 221/301 stores the methods
shown in FIGS. 10 to 23. The transceiver 130 or 223/303
transmits/receive the aforementioned signals.

The controller 120 or 222/302 controls the storage means
and the transceiver. Specifically, each of the controllers per-
forms the methods stored in the storage means.

According to the exemplary embodiments, it is possible to
increase the accuracy in measuring the RSRP and RSRQ and
to reduce measurement time.

The foregoing embodiments and advantages are merely
exemplary and are not to be construed as limiting the present
disclosure. The present teachings can be readily applied to
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other types of apparatuses. This description is intended to be
illustrative, and not to limit the scope of the claims. Many
alternatives, modifications, and variations will be apparent to
those skilled in the art. The features, structures, methods, and
other characteristics of the exemplary embodiments
described herein may be combined in various ways to obtain
additional and/or alternative exemplary embodiments.

As the present features may be embodied in several forms
without departing from the characteristics thereof, it should
also be understood that the above-described embodiments are
not limited by any of the details of the foregoing description,
unless otherwise specified, but rather should be construed
broadly within its scope as defined in the appended claims,
and therefore all changes and modifications that fall within
the metes and bounds of the claims, or equivalents of such
metes and bounds are therefore intended to be embraced by
the appended claims.

What is claimed is:
1. A method of providing information for cell measure-
ments, the method performed by a serving cell and compris-
ing:
configuring at least one first subframe for performing a first
measurement with respect to the serving cell, wherein
the at least one first subframe is located different from at
least one second subframe which is for performing a
second measurement with respect to a neighbor cell; and

transmitting, from the serving cell to a user equipment
(UE), first pattern information indicating the at least one
first subframe and second pattern information indicating
the at least one second subframe,

wherein the second pattern information is configured by

repeating a second bit stream of “10000000”, 1 indi-
cates that the corresponding subframe is used for the
second measurement, and the second pattern informa-
tion is same as Almost Blank Subframe (ABS) pattern
information indicating ABSs, and

wherein the first pattern information is configured by

repeating a first bit stream including eight bits, and a first
bit of the first bit stream is fixed as “0”.
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2. The method of claim 1, wherein the first or second
pattern information is represented as a bit stream, and a first
bit of the bit stream corresponds to a zeroth subframe of a
frame satisfying System Frame Number (SFN) mod x=0, and

wherein the x denotes a size obtained by dividing 10 into

the bit stream.
3. The method of claim 1, wherein the first pattern infor-
mation is a time domain measurement resource restriction
pattern.
4. The method of claim 1, wherein the first pattern infor-
mation is measSubframePattern-Serv, and the second pattern
information is measSubframePattern-Neigh.
5. The method of claim 1, wherein the first and second
pattern information indicate at least one subframe per a radio
frame, used for performing the first and second measure-
ments, respectively.
6. The method of claim 1, wherein the second pattern
information is received through X2 interface-based signaling.
7. The method of claim 1, wherein the first and second
pattern information is transmitted through a radio resource
control (RRC) message.
8. The method of claim 7, wherein the RRC message is an
RRC connection reconfiguration message.
9. A method of performing measurements in a User Equip-
ment (UE) placed within a coverage of a serving cell and a
coverage of a neighbor cell, the method comprising:
obtaining first pattern information on at least one first sub-
frame for performing a first measurement, wherein the at
least one first subframe is located different from at least
one second subframe which is for performing a second
measurement with respect to a neighbor cell; and

performing the first measurement on the serving cell
according to the first pattern information and performing
the second measurement on the neighbor cell according
to second pattern information,
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wherein the second pattern information is configured by
repeating a second bit stream of “10000000”, 1 indi-
cates that the corresponding subframe is used for the
second measurement, and the second pattern informa-
tion is same as Almost Blank Subframe (ABS) pattern
information indicating ABSs, and

wherein the first pattern information is configured by

repeating a first bit stream including eight bits, and a first
bit of the first bit stream is fixed as “0”.

10. The method of claim 9, wherein the first or second
pattern information is represented as a bit stream, and a first
bit of the bit stream corresponds to a zeroth subframe of a
frame satisfying System Frame Number (SFN) mod x=0, and

wherein the x denotes a size obtained by dividing 10 into

the bit stream.

11. The method of claim 9, wherein the first pattern infor-
mation is a time domain measurement resource restriction
pattern.

12. The method of claim 9, wherein the first pattern infor-
mation indicates at least one subframe per a radio frame, used
for performing the first measurement.

13. The method of claim 9, wherein the first pattern infor-
mation is measSubframePattern-Neigh, and the second pat-
tern information is measSubframePattern-Serv.

14. The method of claim 9, wherein the first and second
measurements include measuring at least one of a reference
signal received power (RSRP) and a reference signal received
quality (RSRQ) using a cell-specific reference signal (CRS).

15. The method of claim 9, wherein the first and second
pattern information is transmitted through a radio resource
control (RRC) message.

16. The method of claim 15, wherein the RRC message is
an RRC connection reconfiguration message.

#* #* #* #* #*
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